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The e x p l o r a t i o n  of Space h a s  become 
a human c h a l l e n g e  t h a t  w i l l  r e q u i r e  t h e  
a p p l i c a t i o n  of mankind's knowledge col- 
l e c t e d  through 3,000 y e a r s  o f  c i v i l i z a -  
t i o n .  This  knowledge and i t s  r e s u l t i n g  
technology have been hoarded thoughts  
winnowed and s i f t e d  through m i l l i o n s  of 
minds, l i v i n g  and dead,  t o  g u i d e  u s  on 
our  way i n  t h e  d e s i g n  and f a b r i c a t i o n  of 
space  systems and equipment needed t o  
e x p l o r e  t h e  Universe. It seems as i f  so 
much h a s  been accomplished i n  t h e  l a s t  
few decades t h a t  t h e r e  i s  h a r d l y  any 
b a s i s  f o r  comparison w i t h  what man h a s  
done i n  t h e  preceeding c e n t u r i e s .  But it 
m u s t  be emphasized t h a t  ' 0  s u c c e s s f u l  
manned s p a c e  f l i g h t s  a 3 i .13y t h e  
m a n i f a s t a t i o n s  of t h e  iin~9.+clying body of 
t e c h n i c a l  and s c i e n t i i i < -  "r.ovledge 
accumulated and record& broughout man's 
h i s  t o r y .  
P 
There is  so muc:t 
* i n g  Human F a c t o r s  i n  t 
E f f o r t  t h a t  i t  would a 
w e r e  o n l y  r e c e n t l y  d i s  
t o  f o r g e t  t h a t  it i s  r, 
h i s t o r y  i t s e l f .  Man h 
to d e v i s e  methods, tcci'l*i and 
equipment t o  ex tend  h i e  ,a. ' ities and 9' 
c a p a b i l i t i e s .  It h a s  t^;.!L been w i t h i n  
t h e  l a s t  few y e a r s  howe7,f3L, t h a t  we have 
seen  a g r e a t  a c c e l e r a t i o n  i n  t h e  
complexi ty ,  speed,  and t h e  c a p a c i t y  of 
machines and eqLi ic ren t .  W e  now appear  
t o  be crowdinq the human l i m i t s  of 
understanding ~ " . , ~ - z ~ i e x i t i e s ,  r e a c t  irvj 
t o  t h e  e x i g e n c i e s  brought  about  by  t h e  
speed,  and w i t h s t a n d i n g  t h e  p h y s i c a l  
stresses brought  a b o u t  by t h e  c o n d i t i o n s  
of aerospace  f l i g h t .  This  h a s  p u t  us i n  
t h e  hurnan f a c t o r  s o l u t i o n s  2rior t o  
c o n s t r u c t i o n  of equipment and systems,  
i n s t e a d  of w a i t i n g  for t h e  p r e v i o u s  slow 
t r i a l  and e r r o r  methods o f  s o l u t i o n s .  
"he human f a c t o r  s o l u t i o n s  also rests 
L.^  i .~! - p o s i t i o n  of having  t o  engineer  i n  
I 
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, 
upon t h e  r e s e a r c h  conducted i n  previous 
days and years .  The i n t e l l e c t u a l  
a c t i v i t y  of human r e s e a r c h  of  today 
d e r i v e s  v i g o r  and f r e s h n e s s  from t h e  
mot iva t ion  o f  t h e  completed systems. 
For cont inued  progzess  t h e r e  i s  a cou- 
p l i n g  between t h e  two and t h e  absence of 
one produces s t e r i l i t y  i n  t h e  o t h e r .  
The l i f e  blood of any complex system i s  
information.  W e  m u s t  understand t h a t  
in format ion  and t h e  comnunication 
i s  a r a t h e r  s u t l e  a f f a i r  which w e  
o n l y  beginning t o  understand i n  any 
e x a c t  sense .  S ince  humans e n t e r  i n t o  a 
system whether it be r;aiined or unmanned, 
w e  have an i n t r o d u c t i o n  of man's 
c a p a b i l i t i e s ,  c a p a c i t i e s ,  and l i m i t a -  
t i o n s  p laced  i n t c  a feed  back loop  i n  
t h e  o v e r a l l  system. Because man and h i e  
equipment a r e  i m p e r f e c t ,  t h c  assumed 
s t r a i g h t f o r w a r d n e s s  of  i a f o r m a t i o n  i s  
contaminated w i t h  what we have been 
c a l l i n g  "noise" .  This  then  i l l u s t r ? & e  
a Iundamervtal p r o p e r t y  of informat ion  
t h a t  i s ,  i n  any system, be it physica 
b i o l o g i c a l ,  o r  combinations o f  b o t h ,  
in format ion  i s  never  a v a i l a b l e  without  
some n o i s e  or S r r o r .  
P r o f e s s o r  Norbet W e i n e r ,  t o  whom I wou. 
l i k e  t o  dedicatEk t h i s  p x e s e n t a t i o n ,  1'- 
might s a y  t h a t  t h e  g r e a c e s t  c o n t r i b u t i o  
t h a t  t h e  combined f i e l d s  of  human 
f a c t o r s  and e l e c t r o n i c s  can make i s  t o  
t h e  a r e a  of c y b e r n e t i c s .  bluch c r e d i t  
for todays  s c i e n c e  of c y b e r n e t i c s  must 
g o  t o  P r o f e s s o r  Weiner. The essence  of ' 
the e l e c t r o n i c s  and t h e  s o . c a l l e d  humar. 
f a c t o r s  combination r e a l l y  reduced 
themself  t o  t h e  f a c t  t h a t  w e  m u s t  f i r s t  - 
understand what t h e  human b r a i  
is- and what is a c t u a l l y  does. 
W. Ross Ashby h a s  poin ted  o u t ,  
knowlcdae LS &sent '  31 beT#? 
who r n x x  decide wha? t h e  ai18 of 
c y b e r n e t i c s  r e s e a r c h  sha;! to, anif 
the workers who m u s t  c a r r y  it 
is c l e a r  t h a t  t o  o b t a i n  a better 
I n  memory of 
-- ~ "I 
I 
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and Hospital  r e s e a r c h e r s ,  t h e  t o t a l  
number of  r e s e a r c h  t a s k s  i n  t h e  human 
f a c t o r s  f i e l d  a l o n e ,  dur ing  t h e  c u r r e n t  
 yea^, t o t a l  ~i i n  the p o n s  of tlioiisands. 
understaricing of  t h e  human b r a i n  and i n  
t u r n  t h e  whole human system w i l l  r e q u i r e  
t h e  i n t e r d i s c i p l i n a r y  approach o f  a new 
type of systcms engirieerjnq. 
I n  t h e  l a s t  f e w  y e a r s  we h v e  taken  
i t  for g r a n t e d  t h a t  l a r g e - s r  
s c i e n t i f i c  r e s e a r c h  and de\  :** 7 Jnt  a r e  
t h e  n e c e s s a r y  c o n d i t i o n s  f ( , r  ;:-:ibc$ncement 
i n  s c i e n c e  and technology.  V > i  a l so  
assume c h a t  t h e  l a r g e  govcr:irabiC!if: and 
i n d u s t r i a l  s u p p o r t  of R ar:d i. w i l l  
c o n t i n u e  i n  t h e  f u t u r e .  It i q  Iecoming 
i n c r e a s i n g l y  more obvious L;>: I. we m u s t  
be i n  a p o s i t i o n  t o  show i h i -  ,,:>a 
r e s e a r c h  and development 2 s  ; ? + . r e d  
and t h a t  i t  i s  be ing  accomp;-i-'rsd i n  
a more e f f i c i e n t  manner. 
The main j o b  of NASA k t i v J r 8 r . r : c ~ l  
Research and Technology Ma:)' !2"',,r\nt t h e s e  
days ,  a s i d e  from t h e  u s u a l  d c 7 l i n g s  
1 w i t h  manpower, budgets ,  schedules  and 
' o t h e r  f u n c t i o n s  i s  t o  e s t a b l i s h  t h e  
methods or  b l u e  p r i n t s  which h e l p s  them 
ask  t h e  r i g h t  q u e s t i o n ,  f i n d  t h e  r i g h t  
r e s e a r c h e r  t o  accomplish t h e  r e s e a r c h  
desigr.  and f a b r i c a t i o n  of advanced 
aerosp-ce systems. 
and t o  a p p l y  t h e  informat ion  i n t o  
I '  
The s c i e n t i f i c  r e s e a r c h  today  n o t  
o n l y  de te rmines  t h e  p r o g r e s s  i n  t h e  
h e a l t h ,  our  s t a n d a r d  of  l i v i n g  and our 
economics. Researchers  can no longer  
work- i n  a c l o i s t e r e d  l a b o r a t o r y .  W e  
m u s t  move about  o b t a i n i n g  a systems 
v iewpoin t  i f  we hope t o  compete f i n a n c i a l  
suppor t .  W e  m u s t  be f a m i l i a r  w i t h  
1 r e l a t e d  r e s e a r c h  and technology a l r e a d y  
! accomplished. To g i v e  you an i d e a  of 
I t h e  magnitude of t h e  problem, t h e  
' number of r e s e a r c h  a r t i c l e s  publ i shed  
G space  programs it c o n t r i b u t e s  t o  o u r  1 
runs  i n  t h e  t e n s  of  thousands p e r  week. 
With t h i s  l a r g e  volume of recorded d a t a ,  
it becomes obvious t h a t  r a p i d  informat ion  
handl ing  and process ing  i s  r e q u i r e d .  
B u t  more impor tan t ,  some measure or 
y a r d s t i c k  of  e f f e c t i v e n e s s  of t h e  
accomplished R and D h a s  to be es tab-  
l i s h e d .  For example t h e  number o f  
c u r r e n t  p i e c e s  of work, i n c l u d i n g  con- 
t r a c t  and in-house human factors  research 
a l o n e  t o t a i e d  severa l  thousand i n d i v i d -  
r:l t q s k s  for c h i s  p a s t  y e a r .  This mqy 
n o t  seem a t  f irst  glance q l a r g e  number, 
however, if you t a k e  r e l a t e d  e f f o r t s  by 
p t h e r  government, i n d u s t r i a l ,  U n i v e r s i t y  
I i n  NASA qnd t h e  Department o f  Defense 
I 
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This  c u r r e n t  work i n  conjunctiori  w i t h  
t h a t  w h i c h  has been accomplished i n  the 
p a s t  g i v e s  you some i n d i c a t i o n  of t h e  
magnitude of t h e  e n t e r p r i s e .  I t  h a s  
become obvious t o  t h o s e  who manage 
l a r g e  Research and Development programs 
t h a t  some method must be developed t o  
s i f t  and reduce t h e  bulk of informat ion  
i n t o  undimensional a r e a s  o f  i n t e r e s t  
which can be used and a s s i m i l a t e d  by  
t h e  r e s e a r c h e r .  
The f i r s t  p r e l i m i n a r y  s t e p s  a r e  
be ing  taken between NASA and DOD t o  
accomplish t h i s  b y  f i r s t  o f  a l l  ex- 
changing c u r r e n t  L i f e  Sc iences  Research 
Task inEormation i n  t h e  g e n e r a l  f i e l d  
w e  c a l l  l i f e  s c i e n c e s .  This  in format ion  
h a s  been a b s t r a c t e d  and p u t  on magnetic 
t a p e  f o r  quick r e t r i v a l .  o f  a l l  c u r r e n t  
work i n  a p a r t i c u l a r  a r e a  of e f f o r t  
i .e. r a d i a t i o n .  This  method h a s  g i v e n  
t h e  program managers a t o o l  or b l u e  
p r i n t  by which t h e y  can a s s e s s  what i s  
on-going w i t h i n  a s p e c i f i c  a r e a  of 
i n t e r e s t  and who is  doing t h e  work. 
Technical  working groups a r e  being 
e s t a b l i s h e d  t o  review and c o o r d i n a t e  on 
going r e s e a r c h  down t o  t h e  experimenter  
l e v e l .  This  e f f o r t  i s  a n  e f f e c t i v e  
tool f o r  t h e  program managers o f  t h e  
p a r t i c u l a r  agency t o  determine j u s t  how 
much and what k ind  of  r e s e a r c h  should  
be supported i n  r e l a t i o n  t o  t h e  con- 
s t r a i n t s  of t h e  miss ions ,  t h e  resources 
and t h e  time a v a i l a b l e .  
W e ,  i n  many c a s e s ,  underes t imate  
man's c a p a b i l i t i e s  i n  being a b l e  t o  
perform c e r t a i n  t a s k s .  We launch i n t o  
extremely expensive development programs 
t o  automate systems t o  perform d e s i r e d  
func t ions .  With a l i t t l e  added a n a l y s i s  
on determining t h e  s p e c i f i c  requirements  
and f u n c t i o n s  o f  t h e  system, w e  c o u l d  
have been a j l e  t o  accomplish thp d e s i r e d  
r e s u l t s  w i t h  o n l y  s p e c i a l i z e d  t r a i n i n g  
and better u t i l i z a t i o n  of t h e  man. An 
a p p r o p r i a t e  a n a l y s i s  would have resu l ted  
i n  a sav ing  of  t h e  c o s t  o f  procur ing  
and o p e r a t i n g  t h e  automacic equipment. 
?& t u r n ,  a g r e a t  d e a l  of r e s e a r c h  and 
e x p l o r a t o r y  development, which h a s  
l i t t l e  g e n e r a l  a p p l i c a t i o n ,  could have 
been e l imina ted .  Tnere may be many 
c a p a b i l i t i e s  of man t h a t  we 
,: 
.. . 
1 
ovcx-estimate.  Consequently,  automated 
dzlr ices  would have i n c r e a s e d  t h e  
re1 l a b i l i t y  o f  t h e  system and p o s s i b l y  
th i .  s a f - t y .  I n  t h e  case of t h e  former,  
I w > u l d  l i k e  t o  b r i n g  t o  your a t t s n t i o n  
t h e  confinement problem of extended 
manned space  f l i g h t s .  The r a t h e r  
s t a r t l i n g  accomplishment of a young l a d y  
named Mauri Rose Kirby. who on March 14,  
1959,  a t  <he age  of 1 7  e s t a b l i s h e d  a 
new world t i t l e  f o r  f l a g  p o l e  s i t t i n g  of 
2 1 1  days and 9 hours .  M i s s  Kirby braved 
75 m i l e  p e r  hour  winds,  sub-zero 
tempera tures ,  and even a t o o t h  ache  
w h i l e  perched on a n  enc losed  yard  
square  a t o p  a 7 1  f o o t  po le .  Other  
d i s c o m f o r t s  inc luded  two smal l  f i r e s  
t h a t  broke o u t  when r a i n s  s h o r t  c i rcu i ted  
a smal l  h e a t e r  s h e  used t o  keep  warm. 
She e x t i n g u i s h e d  t h e  f i res  by  stamping 
them o u t  w i t h  h e r  fee t .  A f t e r  be ing  
lowered to  t h e  ground,  she s a i d  s h e  
wanted t o  dance so s h e  could  use her: 
l e g s  f o r  t h e  f i r s t  t i m e  i n  s e v e r a l  
months. She then  s t a g g e r e d  and weaved 
i n t o  a nearby d r i v e - i n  for an examinatiml 
by  a phys ic ian .  It  should  be obvious 
from such a n  exper ience  t h a t  man o r  
.woman have a tremendous c a p a c i t y  f o r  
b r a v i n g  danger ,  and have a c a p a b i l i t y  
o f  improvis ing even i n  v e r y  r e s t r i c t e d  
c o n d i t i o n s ,  t o  s u r v i v e  wi thout  any 
a p p a r e n t  ill e f f e c t s  f o r  many months. 
I 
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I mention M i s s  Kirby because a t  
t i m e s  w e  over-emphasize and over-elabo- - 
r a t e  r e s e a r c h  and r e l a t e d  s i m u l a t i o n  
t e c h n i q u e s  f o r  r e l a t i v e  s t r a i g h t  forward 
c o n d i t i o n s  on s i t u a t i o n s  t h a t  cannot  be 
d u p l i c a t e d  h e r e  on e a r t h .  
The q u e s t i o n  o f  how much r e s e a r c h  
should  be supported i s  always a q u e s t i o n  
of t h e  most e f f i c i e n t  and economical way 
t o  o b t a i n  t h e  needed informat ion .  There 
a r e  even t i m e s  when, because of t h e  
r e l a t i v e  unimportance of t h e  s o l u t i o n  i n  
comparison t o  t h e  c o s t  of o b t a i n i n g  it 
through r e s e a r c h ,  w e  may c o n s i d e r  it best 
j u s t  t o  a c c e p t  t h e  best e s t i m a t e .  W e  
r e a l i z e ,  of course, t h a t  t h e r e  are 
dangeis  i n  t h i s ,  p a r t i c u l a r l y  i n  t h e  
f a c t  t h a t  w e  may n o t  recognize  t h e  
importance of c e r t a i n  problems. It is  
impor tan t ,  however, for a l l  human f a c t o r s  
s c i e n i z i s t s  and e n g i n e e r s  ( i n  and o u t s i d e  
of gc,-:e:-r.xcnt) t o  r e a l i z e  chd;  LA? l a y i n g  a 
r e s e a r c h  and technology b a s e  t o  o b t a i n  
t h e  inost e f f i c i e n t  advanced aerospace  
systems for NASA, we must c o n s i d e r  the 
- cost of  o b t a i n i n g  t h e  informat ion  neces- 
s a r y  t o  d e s i g n  them: t h a t  we cannot  
a f f o r d ,  from t h e  c o u n t r y ' s  or our  own 
n t q n r l p n j  ni:, fs  n i i p D o r t  any and a1 L 
r e s e a r c h  and e x p l o r a t o r y  development one 
might want t o  do. 
W e  need q u a n t i t a t i v e  informat ion  
for engineer ing  purposes.  When t h i s  
s ta tement  is made , everyone a g r e e s  b u t  
w e  o f t e n  f i n d  t h a t  t h e y  a r e  n o t  t h i n k i n g  
about  t h e  same t h i n g .  The type  of 
informat ion  t h a t  i s  needed for engineer-  
i n g  purposes i s  what one might bes t  
d e s c r i b e  a s  mathematical  formula t ions  of 
f u n c t i o n a l  r e l a t i o n s h i p s  between d i f f e r -  
e n t  v a r i a b l e s .  The impor tan t  f a c t o r  
h e r e  i s  t h i s  f u n c t i o n a l  r e l a t i o n s h i p ,  
one the bcsis from tr':.lch p r e d i c t i o n s  
can  be made. 
of i s o l a t e d  p o i n t s  t e l l  us l i t t l e  or 
nothing about  f u n c t i o n a l  r e l a t i o n s h i p .  
The p o i n t  i s  t h a t  we m u s t  have t o o l s  
by  which w e  can p r e d i c t ,  w i t h  some 
degree  of  accuracy ,  what w i l l  happen i n  
a s i t u a t i o n  t h a c  w e  have n o t  been a b l e  
t o  observe i n  t h e  p a s t .  
Very p r e c i s e  measurements 
Most l i f e  s c i e n t i s t s  o r  human 
f a c t o r  s p e c i a l i s t s ,  have been t r a i n e d  
n o t  a s  e n g i n e e r s  b u t  a s  s c i e n t i s t s .  
They t h i n k  more i n  terms o f  t h e  e x a c t  
c o r r e c t n e s s  of  t h e i r  d a t a  than  i n  terms 
o f  t h e i r  a p p l i c a b i l i t y .  I n  f a c t ,  it 
h a s  been said c h a t  to be concerned about  
a p p l i c a b i l , t y  of  d a t a  i s  t o  be non- 
s c i e n t i f i c .  Ccnssquently,  t h e  l i t e r a -  
t u r e  i n  t h e  f i e l d  of  human f a c t o r s  i s  
f u l l  of in format ion  t h a t  i s  a p p a r e n t l y  
v e r y  c o r r e c t  b u t  which r e p r e s e n t s  o n l y  
one p o i n t  on what should have been,  t o  
be u s e f u l ,  a curve  showing how one 
v a r i a b l e  i s  f u n c t i o n a l l y  r e l a t e d  t o  
another .  However, seldom, i f  e v e r ,  a r e  
w e  faced w i t h  a des ign  problem w i t h  
c o n d i t i o n s  t h a t  e x a c t l y  d u p l i c a t e  t h e  
l a b o r a t o r y  s i t u a t i o n .  W e  a r e  despera te -  
mathematical  models f o r  d e s c r i b i n g  human 
behavior  a s  t h e y  r e l a t e  t o  equipment 
d e s i g n  problems. Of c o u r s e  t h e  more 
r e f i n e d  t h e s e  advances a r e ,  t h e  be t t e r ,  
b u t  the ref inement  can fo l low a s  w e  go 
along.  This i s  no d i f f e r e n t  fxom what 
happens i n  the res t  of t h e  f i e l d  o f  
Tsngincering. ~ucl :  of t1.e :- 2 s i r : t  Gata 
w e  use a r e  t r e n d  uhta .  ?JG 0fte.n wish 
such d a t a  weza be t t e r ,  bclk even so t h e y  
are b e ~ t e r  than  none a t  a i l .  I n  o u r  
o p i n i o n ,  human f a c t o r s  e n g i n e e r i n g  is 
- 1 y  i n  need o f  what one might c a l l  
/- 
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being  h e l d  back more by t h i s  d e f i c i e n c y  
chan any o t h e r ,  and t h e r e  is  a s  much t o  
be ga ined  a t  t h e  p r e s e n t  by a t t empt ing  
t o  p\ i t  t i in r lntn  t h n t  are now a v a i l a b l e  
i n t o  t h e  form u2 such meaningful func- 
t i o n a l  r e l a t i o n s h i p s  a s  t h e r e  i s  c o l l e c t -  
i ng  new r e f i n e d  p o i n t s .  We a r c  a t tempt-  
ing  t o  do t h i s  so we w i l l  be  a b l e  t o  
u s e  t h e  d a t a  a t  t h e  t ime we need it 
most--before t h e  aerospace  system Ls 
designed.  The system i n c l u d e s  i n t e g r a -  
t i n g  t h e  man, h i s  equipment and l i f e  
suppor t  i n t o  one f u n c t i o n a l  package. 
- The major e f f o r t  i n  human f a c t o r s  
eng inee r i zg  m u s t  be accomplished whi le  
! t h e  system i s  undergoing i t s  i n i t i a l  
p lanning  and des ign  phase.  I n  one s e n s e ,  
t h i s  approach needs l i t t l e  emphasis: 
everyone i s  aware of it. A t  t h e  same 
t i m e ,  though, w e  do n o t  t h ink  t h a t  
anyone would say  t h a t  t h i s  a c t i v i t y  is  
be ing  accomplished adequate ly  today. 
W e  a r e  ernp??asizing t h i s  p r a c t i c e  i n  
NASA, and so .is t h e  3eiJa::kent of  Defense. 
It i s  a must,  n o t  on ly  because we cannot  
a f f o r d  c o s t l y  r edes ign  and r e t r o f i t s ,  b u t  
a l s o  from a ; l i m e  s t a n d p o i n t  it i s  o f t e n  
' imposs ib le  t o  make b a s i c  changes a f t e r  
t h e  system h a s  been designed.  Some of 
t h e  primary d e c i s i o n s  concerning manual 
ve r sus  au tomat ic  func t ions  and manned 
v e r s u s  unmanned systems s t e m  from t h e  
amount of  a p p l i c a b l e  man-machine d a t a  
a v a i l a b l e ,  and can be made and incor -  
po ra t ed  i n  t h e  system on ly  i n  t h e  e a r l y .  
: des ign  s t age .  
We would l i k e  t o  p o i n t  o u t  c e r t a i n  
l i m i t a c i o n s  of which w e  m u s t  be aware. 
I t  is  never  p o s s i b l e  t o  answer a l l  o f  
t h e  d e t a i l e d  q u e s t i o n s  a t  t h e  beginning 
of t h e  des ign  process .  The des ign  of  
a system i s  a cont inuous  p rocess  of 
re f inement  of approximations--from t h e  
g r o s s  t o  t h e  d e t a i l e d .  You cannot  a f f o r d  
t o  w a i t  u n t i l  you a r e  100% c e r t a i n  t h a t  
your  d e c i s i o n s  a r e  c o r r e c t  b e f o r e  you 
s t a r t  t h e  des ign  process :  be i t  t h e  
des ign  of a r e s e a r c h  t o o l ,  i n s t rumen t ,  
subsystem (e.9. l i f e  s u p p o r t ,  p r e s s u r e  
s u i t ) ,  o r  t h e  t o t a l  advanced aerospace  
system, inc lud ing  t h e  necessa ry  ground 
suppor t  equipment. W e  know 1; i s  
d i f f i c u l t  t o  make p r e d i c t i o n -  '-out 
human c a p a b F l i t i e s  i n  t h e  r,-- .zj:&t Lon of  
some advanced system when only 
g r o s s  i d e a s  o r  e s t i m a t e s  05 Y::i? system or 
miss ion  a r e  a v a i l a b l e .  &>.?:?;;?one must  
do so. Ttie human, f a c t o r s  sc;e&btists 
^ I  
and eng inee r s  should be i n  t h e  best 
p o s i t i o n  t o  accomplish t h i s  a spec t .  
E n o i  noors who s p c j  nl i ZF? j n spec i -  
f i c  a r e a s ,  such a s  p ropu l s ion ,  c o n t r o l s ,  
e l e c t r o n i c s ,  e t c . ,  sometimes have 
d i f f i c u l t y  accep t ing  d e c i s i o n s  t h a t  
seem t o  be c o n t r a r y  t o  t h e i r  recommenda- 
t i o n s .  Human f a c t o r s  s p e c i a l i s t s  a r e  
no d i f f e r e n t .  It i s  d i f f i c u l t  f o r  a l l  
o f  u s  t o  s e e  beyond our  own a r e a s  of  
s p e c i a l  concern.  Sometimes we f o r g e t  
t h a t  it i s  t h e  z o t a l  system t h a t  is  
impor tan t .  Desiqn d e c i s i o n s ,  however, 
m u s t  be  based upon t h e  o v e r a l l  e f f e c t i v e -  
nes s  and c o s t  o f  the system. You m u s t  
cons ide r  n o t  on ly  whar: we might g a i n  
b u t  a l s o  w;mt w e  might l o s e .  Increased  
performance i n  one subsystem might 
cause  decreased performance somewhere 
else. I n  o thez  words, human f a c t o r s  
recommendations, jusr:  a s  o t h e r s ,  m u s t  
be cons idered  and should be s t a t e d  i n  
terms of t h e  p o t e n c i a i  eEfec t s  upon 
t o t a l  system e f fecc iveness .  
This  b r i n g s  us t o  t h e  l e a s t  
glamorous b u t  one of t h e  most impor tan t  
c o n s i d e r a t i o n s  i n  Human Factors-- the 
whole a r e a  of ground suppor t .  
~ 
I n  t h e  l a s t  t e n  yea r s  o r  so 
cons ide rab le  p rogres s  ?.as been made i n  
t h e  f i e l d  of human f a c t o r s  engineer ing  
The major p o r t i o n  of t h i s  has  been 
d i r e c t e d  towards problems of t h e  so- 
c a l l e d  "ope ra to r s "  : a s t r o n a u t ,  t h e  p i  
t h e  nav iga to r ,  o r  ine c o n t r o l l e r  i n  
qround systems such a s  a i r  defense  o r  
ot 
a i r  t r a f f i c ' c o n t r o l .  Even i n  t h e  q u i t e  
r e c e n t  p a s t  many people  have c a s t  r a t h e r  
c r i t i c a l  g l ances  a t  t h e  bui ld-up  i n  
' human f a c t o r s  groups because they  have 
s a i d  we a r e  moving more and more toward 
unmanned systems and t h a t ,  t h e r e f o r e ,  
t h e  requirement  f o r  t h i s  t ype  of  e f f o r t  
w i l l  soon be e i imina ted .  Fewer people  
a r e  making those  s ta ie inents  today. We 
a r e  r a p i d l y  beginning t o  r e a l i z e  t h a t  
t h e  t r e n d  toward inc reased  a u t o n a t i c i t y  
is by no means dec reas ing  t h e  r equ i r e -  
ment f o r  human f a c t o r s  engineer ing .  
In s t ead  it seems t o  be y r e a t l y  inc reas -  
i n g  t h i s  requirement .  Missiles eng inee r s  
perhaps b e l a t e d l y  b u t  n o n e t h e 1 . e ~ ~  
cc:r ta inly have become well awrze of t h i s  
f a c t .  
t;j a l l  a r e  becn.. ;lg aware of t h e  
f a c t  t h a t  when you rake  :he man o u t  of 
t h e  a c t u a l  o p e r a t i o n  of t h e  system you 
I 
magnify t h e  suppor t  r e s p o n s i b i l i t y  many 
fold.  Requirements f o r  accuracy  a r c  
g r e a t l y  inc reased .  E r r o r s  t h a t  might 
; I F \ V D  1ronn i n i i q n i f i a a n b  i n  a n1snnc.d 
system might well be c a t a s t r o p h i c  i n  
an unmanned system. The human be ing  
r e a d i l y  c o r r z c t s  h i s  errors b u t  o n l y  
t h e  most s o p h i s t i c a t e d  machine can 
accomplish t h i s  a c t i v i t y  and then  t o  o n l y  
a very  rudimentary degree.  We a r e  n o t  
sugges t ing  h e r e  t h a t  we have gone t o o  
f a r  toward automated sys-ems.  "lie 
- zqu i r e r  :.ts f o r  g r e a t e r  p r e c i s i o n  and 
h i g h e r  performance l e a v e  no o t h e r  course .  
We a r e  saying o n l y  t h a t  w i th  t h i s  
i n c r e a s e  i n  complexity o f  systems have 
come i n c r e a s e d  demands for human f a c t o r s  
eng inee r ing  i n  t h e  v a r i o u s  suppor t  
a c t i v i t i e s .  As we s e e  i t ,  one of t h e  
b i g g e s t  vo ids  i n  human f a c t o r s  r e s e a r c h  
today  and one which m u s t  be m e t  i n  t h e  
nea r  f u t u r e  i s  t h a t  imposed by t h e  need 
f o r  g r e a c e r  e f f i c i e n c y  and accuracy  i n  
t h e  performance o f  v a r i o u s  ground suppor t  
a c t i v i t i e s .  
I n  a compl ica ted  Human F a c t o r s  
System s i ' i u a r i o n  complete knowledge i s  
never  a t  hand, and t h e  a p p l i e d  r e s e a r c h  
and eng inee r ing  approaches a r e  as  
necessa ry  a s  t h e  b a s i c  r e s e a r c h  approach. 
I n  r e a l i t y ,  w i t h i n  our  program, w e  a r e  
t r y i n g  t o  s t r i k e  t h e  a p p r o p r ' y t e  ba l ance  
be twec .  che two. Iie a r e  t F t  ~ >->re, i n  
t h e  ve ry  p r e c a r i o u s  pos i t iLA:  nf be ing  
r e s p o n s i b l e  f o r  a s i g n i f i c a  a s p e c t  of * 
t h e  b iomedica l  r e s e a r c h ,  a s  i. -?l a s  t h e  
n e c e s s a r y  technology t o  in?L:i'. man's 
u s e f u l n e s s  and s a f e t y  i n  ac 
ae rospace  f l i g h t .  It i s  wccrL;iy 
appa ren t  t h a t  ou r  " ink wal l ' '  b a s i c  
b iomedica l  knowledge as it ,c?;-tains t o  
h e a l t h y  normal people  (as 
c l i n i c a l  p a t i e n t s )  h a s  bev 
dep le t ed .  W e  a r e  n o t  on ly  
t o  r e f i l l  t h e  " i n k  w e l l , "  
u p  a r e s e r v o i r  o f  b a s i c  re h informa- 
t i o n  i n  con junc t ion  w i t h  t 
eng lnee r ing  b io technology tk=+ w i l l  be 
u s e f u i  i n  t h e  f u t u r e  f o r  whatever space  
ven tu res  t h i s  coun t ry  may under take  t o  
ma in ta in  and demonst ra te  i t s  pre-eminence 
i n  space.  
1 
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The Huxzn F a c t o r s  Systems Program is  
ve ry  impor t an t  t o  t h e  overaL1 achiGve- 
n a u t i c a l  g o a l s .  The sooner  w e  g e t  
Human F a c t o r s  Systems d a t a  away from the 
l a b o r a t o r i e s ,  and i n t o  the d e s i g n  of our 
h ments of NASA's a e r o n a u t i c a i  and astro- 
- 
advanced aerospace  systems,  t h e  b e t t e r  
OFF w e  w i l l  a l l  be. 
We R K ? ~  b e i n q  forced t-0 opc ta te  a t  
t h e  l i m i t s  of  human understanding , 
c a p a b i l i t i e s ,  stress and pe rcep t ion  i n  
p r a c t i c a l l y  eve ry th ing  w e  undertake f o r  
t h e  f u t u r e .  We m u s t  be  a b l e  t o  app ly  
con t inucvs ly  g r e a t e r  s c i e n t i f i c  and 
eng inee r ing  f i n e s s e  i n  t h e  Human F a c t o r s  
f i e l d  t o  con t inue  our  p rogres s  i n  t h e  
o v e r a l l  f i e l d s  of  eng inee r ing ,  and 
e s p e c i a l l y  t h e  advanced aerospace  systems 
of t h e  f u t u r e .  We need more b a s i c  
in format ion  from ground based and 
f l i g h t  r e s e a r c h  and we m u s t  be i n  a 
p o s i t i o n  t o  make it a v a i l a b l e  f o r  
a p p l i c a t i o n  r a p i d l y  t o  our ever  more 
complex p r a c t i c a l  day t o  day problems. 
The s c i e n t i f i c  and eng inee r ing  
community involved  i n  Human F a c t o r s  
Systems r e s e a r c h  and technology a r e  
i n v i t e d  t o  p a r t i c i p a t e  i n  t h i s  program. 
Conszruc t ive  cri t icism and a s s i s t a n c e  
t o  t h e  Eiotechnology and Human Research 
program o f f i c e  w i l l  b e  a p p r e c i a t e d  i n  
any way which w i l l  h e l p  our  coun t ry  
a t t a i n  i t s  f u t u r e  aerospace  g o a l s .  
I n  conclusLcn, I would l i k e  t o  say 
a l i t t l e  about  t h e  f u t u r e  o f  human 
f a c t o r s  systems r e sea rch .  Here I m u s t  
speak somewhat c r i t i c a l l y .  
I t  seems t o  me t h a t  some of t h e  
p a s t  and p r e s e n t  work i s  h i g h l i g h t e d  
more by t h e  complexity and f i n e s s e  o f  
i t s  technique  than  by t h e  soundness o f  
i t s  requirement o r  g o a l .  S o p h i s t i c a t e d  
modern e l e c t r o n i c  tools a r e  be ing  used 
t o  a t t a c k  problems t h a t  a r e  t r i v i a l  o r  
a l r e a d y  so lved  a long t i m e  ago. In fo r -  
mation i n  t h e  l i t e r a t u r e  i s  n o ~  be ing  
e x p l o i t e d  f u l l y .  
cu red ,  by a c l o s e r  s c r u t i n y  of a l l  
proposed r e s e a r c h ,  be it fundamental ,  
.appl ied o r  developmental  t o  i n s u r e  t h a t  
a g o a l  i s  c l e a r l y  de f ined  and p a s t  work 
cons idered .  
i n  a random fash ion .  
The s i t u a t i o n  can be 
We can no longe r  proceed 
There i s  no l a c k  o f  good r e s e a r c h  
problems. 
There i s  a g r e c t  need today  f o r  
s i m p l i f i c a t i o n  through a more funda- 
merr.;al unders tanding  o f  phenomena w e  
t a k e  f o r  g r a n t e d .  Mathematical t h e o r i e s  
t o  ai, i n  s i m p l i f i c a t i o n  and a better 
/ c  
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UnLerstanding of t h e  cosmos around u s  
a r e  1:ccded. S p e c i f i c a l l y  i n  E l e c t r o n i c s  
we need t o  re-examine o u r  t r : d i t i o n a l  
complsx circuit-r .y ancl f h s  1Ocji.e hohind 
it ,  So we can make even more r a p i d  
s t r i d e s  i n  s o l i d  s t a t e  phys ics  and 
e l e c t r o n i c s  wi thout  imposing o l d  c i r c u i t  
t h e o r y  and wir ing  diagrams on new a c t i v e  
elements .  
t u b e  a s  we know it ,  w i l l  be an a r c h a i c  
m u s e u m  piece. 
~ 
,: 
I n  50 y e a r s  an e l e c t r o n  
The 5 - e a t e s t  need i n  Human F a c t o r  ' 
researc;: is a b e t t e r  understanding of 
man, n i s  c a p a b i l i t i e s  and l i m i t a t i o n s .  
T h e  s t u d y  of human. b r a i n  mechanisms 
promises t h e  g r e a t e s t  rewards t o  s c i e n c e  
and technology and i n  t u r n  t o  t h e  
b e t t e r m e n t  o f  mankind. 
c r o s s  f e r t i l i z a t i o n  between neuro- and 
psycho-physiologis ts  and e l e c t r o n i c  
e n g i n e e r s ,  through a new e d u c a t i o n a l  
t o o i  "Systems Engineering" t h a t  i n c l u d e s  
t h e  human element.  
We need more 
i 
A s  mentioned e a r l i e r ,  we can expec t  
p r o g r e s s  i n  r e s e a r c h  and w e  can a t t e m p t  
t o  d e v i s e  a c o s t  e f f e c t i v e n e s s  yard  
s t i c k  f o r  s a i d  r e s e a r c h ,  b u t  on;y' if we 
recognize  t h a t  bo th  r e q u i r e  human judge 
ment a t  all l e v e l s ,  f r o m  t o p  government, 
I n d u s t r y ,  and iA-.vers i ty  o f f i c i a l s  through 
t o  t h e  l a b o r a t o r y  bench workers.  I 
concllide by making a p l e a  t o  each of you 
t o  j o i n  i n  our  c rusade  t o  a2ply your 
unique t a l e n t s  t o  b t a i n  a bet-ier 
understanding of maii and h i s  b r a i n  
nechanisms i n  analyzing and making 
d e c i s i o n s ,  i n  o r d e r  t o  a r r i v e  a t  some 
methods fo c a l c u l a t e  ana  measure human 
r e l i a b i l i t y  i n  advanced aerospace  systems. 
